Multiple-performance-measure agency models predict that optimal contracts should place greater reliance on performance measures that are more precise and more sensitive to the agent's effort. We apply these predictions to CEO retention decisions. First, we develop an agency model to motivate proxies for signal and noise in firm-level performance measures. We then document that accounting information appears to receive greater weight in turnover decisions when accounting-based measures are more precise and more sensitive.
Introduction
One of the primary contributions of agency theory has been to identify what properties make for a good measure of an agent's performance. Multiple-performance-measure agency models such as Banker and Datar (1989) and Holmstrom and Milgrom (1991) indicate that use of performance measures that are relatively more precise and more sensitive to the agent's effort can help mitigate agency costs. This research has spawned a growing empirical literature attempting to assess whether firms' corporate governance practices conform to these predictions. Lambert and Larcker (1987) and Bushman, Indjejikian and Smith (1996) , for example, focus on boards' choices over annual compensation grants, and show that contracts substitute toward market-and accounting-based measures when such measures are better indicators of managerial performance. Other research addresses general governance structures and policies. For example, Bushman, Chen, Engel and Smith (2003) document that the structure of incentives provided to firms' boards of directors and the extent of ownership concentration vary in systematic ways with properties of managerial performance measures.
Our objective in this paper is to study how the relation between various performance measures and CEO turnover is affected by properties of the firm's accounting system. Specifically, we examine cross-sectional variation in the weights placed on accounting and market return information in CEO turnover decisions, and relate this to properties of these performance measures. Many studies (beginning with Coughlan and Schmidt (1985) , Warner, Watts and Wruck (1988) , and Weisbach (1988) ) have analyzed CEO turnover, and the development of this literature largely parallels that on CEO compensation. To date, however, fewer studies have attempted to explain across-firm variation in the association of accounting-and market-based performance measures with executives' continued employment. One exception is Defond and Park (1999) , which shows that industry-adjusted earnings factor more strongly into turnover decisions for firms in less concentrated industries. 1 While boards' compensation decisions have received considerable attention in academic literature on the use of performance measures, we offer three reasons why CEO turnover decisions 1 There is a substantial literature on the relation between analyst forecast errors and the likelihood of CEO turnover. Puffer and Weintrop (1991) and Farrell and Whidbee (2002) , for example, argue that the deviation of realized earnings from expected earnings may provide additional information about how CEO performance deviates from board expectations. While Farrell and Whidbee (2002) examine whether the properties of analyst forecasts (i.e., forecast dispersion) affect their weight in the turnover decision, this literature does not explore cross-sectional variation in the properties of firms' accounting systems, which is our main aim. might yield greater insights into how information is used in corporate board rooms. First, it is well documented (see Hall and Liebman (1998) and Murphy (2000a) ) that most firm-related variation in top executive wealth stems from changes in the value of executives' stock and option holdings. This raises the question of the extent to which annual compensation decisions have significant effects on executives' actions, and thus significant effects on firm value. 2 However, while boards may (at least partially) delegate compensation decisions to capital markets through the use of equity-based instruments, boards cannot delegate authority over continued employment of CEOs. In considering retention decisions, directors may of course make use of market-and accounting-based performance measures, but the directors themselves must make the decision about retaining the CEO.
Second, prior research (see Weisbach (1988) and Murphy and Zimmerman (1993) ) provides ample evidence that earnings are a significant predictor of CEO turnover. Hermalin and Weisbach (1998) offer a possible explanation for this fact by pointing out that share prices reflect the market's expectations regarding the CEO's continued employment. This effect partially confounds the link between market returns and CEO turnover, meaning boards may have to rely more heavily on accounting-based measures in making CEO retention decisions. Given this, it is important to gain an understanding of the properties that affect accounting information's usefulness in such decisions.
Third, boards' turnover decisions likely reflect a broader set of concerns than compensation decisions. While turnover can be used as an incentive mechanism, matching considerations likely figure prominently as well. As Baker, Jensen and Murphy (1988) note, incentives are determined by the slope of the relation between pay and performance; thus, if the likelihood of termination is higher when performance is worse, then the threat of firing can provide incentives.
However, CEO turnover can also be driven by the board's conclusion that the CEO's ability is low, or that the CEO's skills are not well matched to the firm's needs. If turnover decisions primarily reflect incentive considerations, then the board uses firm-level performance measures to make inferences regarding the CEO's effort. If, on the other hand, turnover decisions reflect ability or matching considerations, then the board uses firm-level measures to make inferences regarding ability or the suitability of the match. These two cases each suggest a similar pattern in the association between properties of firm performance measures and CEO turnover.
2 Note that this question leaves open the issue of why, given the high opportunity costs of members' time, boards would bother going through the exercise of annual performance reviews and compensation grants if there is no effect on executives' actions.
In this paper, we examine how the weights on accounting-and market-based performance measures in CEO turnover decisions are related to their properties as measures of managerial performance. In particular, we expect that when accounting is more informative about managerial performance, boards of directors should rely more heavily on accounting returns in making decisions about continuation of CEO employment. Hence, turnover probability should rise faster with reductions in accounting returns in firms where accounting information is a better measure of managerial performance. We also consider how the weight on market-based measures is affected by the properties of both accounting-and market-based measures.
To test these predictions, we devise measures of the signal and noise contained in accountingand market-based measures of managerial performance. Following prior work (see, for example, Lambert and Larcker (1987) and Bushman et al. (1996) ), we capture "noise" by computing the historical variance of accounting-and market-based measures of performance. To devise a measure of signal in accounting-based measures, we apply recent research by Ball, Kothari and Robin (2000) and Bushman et al. (2003) , among others, in devising a measure of earnings "timeliness." This measure is intended to reflect the extent to which current earnings capture current value-relevant information. The underlying intuition for the use of this measure is that the more timely earnings are in capturing value-relevant information, the greater weight investors and directors place on them in assessing how and why equity values are changing.
In an appendix, we analyze a simple principal/agent model and develop conditions under which the weight on earnings in an agency relationship increases with earnings timeliness. To measure timeliness, we rely on measures of the association between earnings and contemporaneous stock returns. 3 Our model shows that the association between earnings and returns is increasing in timeliness, but is also affected by the variances of the accounting-and market-based measures.
Hence, by holding these variances fixed, we can use this association as a measure of earnings timeliness. We control for these variances in several ways, as we discuss below.
We use our signal and noise proxies to examine variation in the extent to which these measures play a role in CEO retention decisions for a sample of 1,293 CEO turnover events identified using Forbes annual executive compensation surveys between 1975 and 2000. Taking the standard logit regression of CEO turnover on firm performance as a starting point, we interact accounting-and market-based measures of firm performance with our signal and noise proxies. We find support for the notion that our noise and timeliness measures affect the 3 Specifically, we compute the R 2 from a reverse regression of earnings on contemporaneous returns.
weight on earnings information in turnover decisions. Our results suggest that, ceteris paribus, the weight on earnings information is increasing in earnings timeliness and decreasing in the variance of earnings. Our estimates of these effects are statistically significant at between the one and five percent levels.
We also test a prediction from our model that firms rely less heavily on market-based measures when accounting information is more timely or when market returns are noisier. Our results here depend on the sample we analyze. Using a sample of CEO turnovers that press accounts characterize as "forced departures," we find the weight placed on market returns in turnover decisions is decreasing in earnings timeliness and in the variance of returns. Using a broader sample of all CEO turnovers (which presumably includes many cases where CEOs simply retire), we do not find support for this hypothesis. 4
Finally, we incorporate the results of Defond and Park's (1999) analysis into our tests.
They find that measures of industry concentration can explain across-firm variation in the use of industry-adjusted accounting measures in turnover decisions. Given that both their study and ours address variation in the weight on accounting information in turnover, we are interested in examining the relation between the two sets of findings. It is possible, for example, that industry concentration is the key driver of both sets of findings, and that our proxies for signal and noise in earnings information are simply reflecting this fact. To examine links between the analyses, we construct measures of industry concentration and interact them with firm performance measures in our CEO turnover regressions. We find that both properties of accounting information and industry concentration help explain cross-sectional variation in the use of accounting-based performance measures in CEO turnover, and including concentration measures does little to alter our main findings.
The remainder of the paper proceeds as follows: In section 2, we develop our proxies for signal and noise and provide intuition for our model. In section 3, we describe our data and sample selection procedures. In section 4, we describe our analysis and present results. Concluding comments are contained in section 5. The model appears in the appendix.
4 As we discuss below, classification of turnovers as "forced" or "non-forced" must be taken with the usual caveat regarding use of press accounts in researching CEO turnover; as Warner et al. (1988) (and others) have pointed out, firms may elect to characterize turnover as non-forced even when poor performance is a key driver of turnover. For this reason, we run our tests on the broad sample of turnovers in addition to the subsample classified as "forced." We include two age-related variables, age and a dummy for whether the CEO is at retirement age, in the regressions to help control for legitimate retirements in the broader sample.
Measures of Signal and Noise
Our primary objective is to explain the cross-sectional variation in the weights placed on accounting and market return information in boards' CEO retention decisions. In this section, we consider boards' objectives in making CEO retention decisions, and create proxies for the signal and noise in measures of managerial performance.
Prior research suggests that turnover decisions can be affected by both incentive and matching considerations. If the probability of CEO turnover increases when firm performance worsens, then the threat of firing can serve as an incentive mechanism. For example, in their study of CEO incentives, Jensen and Murphy (1990) explicitly incorporate the lost wages associated with being fired into their calculation of how CEO wealth varies with changes in shareholder wealth. CEO turnover is also likely to be driven by matching considerations; boards are more likely to fire the CEO if they determine his ability is low, or if his skills are poorly matched to the firm's needs (see Hermalin and Weisbach (1998) ). In either case, a key role of accountingand market-based performance measures is to allow the board to make inferences regarding the manager's actions or ability.
A large literature examines the question of what makes a measure useful for evaluating a manager's actions or ability. The broad conclusion of this research is that the usefulness of a performance measure is related to the extent to which it contains precise information about the CEO's actions. That is, a performance measure with a greater precision and sensitivity (i.e., a higher signal-to-noise ratio) will receive greater weight in decisions. This assertion arises from a variety of agency models (see, for example, Holmstrom (1979) or Banker and Datar (1989) ).
We note that the agency literature and empirical tests of agency models typically focus on providing incentives in a contracting setting. We argue that if the threat of termination is used to provide incentives, then factors affecting weights on performance measures in compensation contracts ought to be determinants of their weights in making CEO retention decisions.
A key challenge for empirical researchers, therefore, is to devise measures of signal and noise in observed performance measures. Historical variances of market-and accounting-based performance measures are straightforward measures of noise. 5 As a measure of signal, we argue that earnings "timeliness" is related to the strength of the signal about managerial actions 5 As noted by Lambert (2001) and others, historical variances are not ideal as a measure of noise. The theory speaks to the variance of the measure conditional on the manager's action, while we (and other researchers) can measure only the unconditional variance.
contained in earnings.
Our argument here is that current earnings will be more useful in assessing performance when earnings reflect managerial actions more immediately. To capture earnings timeliness, we rely on a measure of the association between earnings and changes in firm market value. 6 We develop a model to study conditions under which a higher association between earnings and returns implies greater weight on earnings in managerial incentive arrangements. As we discuss in more detail below, this association has been used as a measure of the quality of earnings as a performance measure in a number of empirical studies. Despite this prior work, however, to our knowledge no existing multiple-performancemeasure agency model provides predictions about how this earnings/return association affects the weight on earnings in incentive contracts. We present our model in the appendix, and discuss the intuition for those results here. 7
Our model has three key features. First, the firm's market value is the sum of book value and the market's expectations of current and future earnings, consistent with Ohlson (1995) .
Second, current managerial effort translates noisily into value creation, but only a fraction γ (which we refer to as the firm's "timeliness parameter") of current value creation appears in current earnings, with the remainder appearing in future earnings. Since the market incorpo-6 We use the terms "return" and "change in market value" interchangeably in this discussion.
7 Bushman, Engel and Smith (2002) study conditions under which a greater association between earnings and returns leads to a greater weight on earnings, when earnings are the only performance measure in the contract.
They do not consider the case where the firm can also contract directly on changes in market value. Also, while our model focuses on the use of accounting-and market-based performance measures for the purpose of providing incentives, similar insights can be gained for the case where matching drives turnover, as we discuss in the appendix.
rates information about future earnings into current prices, however, all current value creation is reflected in current changes in market value. Third, changes in market value reflect not just current value creation, but also changes in expectations regarding future value creation. 8 These changes in expectations regarding future value creation are distinct from current value creation and therefore are not useful in assessing current managerial performance. A similar notion is found in Hermalin and Weisbach (1998) To summarize, the advantage of change in market value as a performance measure is that it reflects all of the manager's current value creation. The advantage of earnings as a performance measure is that it does not reflect random changes in expectations regarding future value creation. That is, earnings are a precise measure of part of the current value creation, while returns are a noisy measure of all current value creation. Given this, it is clear why increases in the timeliness parameter γ lead to increases in the weight on earnings and decreases in the weight on change in market value. An increase in γ strengthens the signal in earnings without changing any other properties of the measures. The new optimal contract features a higher weight on earnings and a lower weight on change in market value.
Note that the association between earnings and changes in market value is positively related to the timeliness parameter γ. An increase in γ therefore leads to both an increase in the association between earnings and changes in market value and an increase (decrease) in the weight on earnings (change in market value) in an optimal contract. Does this imply that the weight 8 We make a distinction between current value creation that is realized in the future and future value creation.
Managers may take actions today that lead to future increases in earnings; we refer to this as "current" value creation. By "future" value creation, we mean value creation that is unrelated to current managerial actions or ability. As an example, if a manager works today to discover and invest in a positive net present value project, then we would refer to this as current value creation even if earnings are not affected in this period.
on earnings in an optimal contract is positively related to the association between earnings and changes in market value? Not necessarily, since this association is also affected by the variances of the two measures. If, for example, the variance of returns increases, then the association between earnings and returns will fall, but the weight on earnings may increase. Similarly, if the variance of earnings falls, then the association between the two measures increases. This will lead to an increase in the weight on earnings, but this arises because of a reduction in noise, not an increase in timeliness (that is, signal). Hence, we would ideally like to compare two firms with identical variances of earnings and returns, but different associations between earnings and returns. We use regression analysis to perform the necessary ceteris paribus calculation. In our empirical models, we control for these variances in several ways, as we discuss in greater detail below.
As mentioned above, the association between earnings and returns has been used in much prior work on properties of earnings as a managerial performance measure. However, as Sloan (1993) has previously noted, there is little consensus in the literature as to how this association should be related to the weight on earnings. Bushman et al. (1996) and Bushman et al. (2003) , for example, argue that a high correlation between earnings and returns is indicative of high quality earnings that reflect CEO actions well. Lambert and Larcker (1987) and Ittner, Larcker and Rajan (1997) propose the opposite relation, arguing that earnings that are not informative about firm value can still provide valuable information for evaluating the CEO. Our model rationalizes these opposing viewpoints, by incorporating both and offering conditions under which each holds. 9 Specifically, reductions in the earnings/return association make earnings more useful as a performance measure if the reduced association is driven by increased variation in returns that is unrelated to current value creation. 10 Reductions in the earnings/return association make earnings less useful as a performance measure if the reduction is driven by a decrease in the fraction of current value creation that appears in current earnings. This 9 Our argument is related to, but distinct from, that of Sloan (1993) (see pages 88-89), who focuses on the ability of earnings to shield executives from market-wide movements in stock prices. Our analysis is closer in spirit to Barclay, Gode and Kothari (2000) , who also assume that stock price reflects both current and anticipated earnings and examine the implications of timing differences in earnings and returns.
10 A common intuition for the Lambert and Larcker (1987) and Ittner et al. (1997) view is that if earnings contain "different" information from returns, then earnings are a more valuable signal of managerial performance.
The validity of this intuition can be seen here; if changes in market value are increasingly due to changes in the market's expectations regarding future value creation, then the "different information" contained in earnings must be information regarding current value creation.
reasoning immediately suggests that holding the variances of the earnings and returns constant, reductions in the earnings/return association make earnings less useful as a measure of managerial performance, which is our hypothesis.
In our empirical analyses, we follow Bushman et al. (2003) and use an earnings timeliness measure developed by Ball et al. (2000) to capture the earnings/change-in-market-value association. These papers define earnings timeliness as the extent to which current earnings incorporate current economic income or value-relevant information, and construct the measure by assessing the time-series relation between earnings and returns. Under GAAP, earnings timeliness may differ across firms for a variety of reasons. Differences in accounting conservatism, the extent of growth opportunities, the extent of delayed recognition of holding gains, and the effectiveness with which expenses are matched with associated revenues (particularly relating to intangible assets) can all drive differences in timeliness.
We compute the timeliness measure as the R 2 from a firm-specific reverse regression of annual earnings on contemporaneous stock returns (see Basu (1997) ). In operationalizing this proxy, we use a reverse regression rather than the traditional returns-on-earnings regression.
This specification avoids potential specification problems arising from the use of a noisy earnings measure as an independent variable. Further, the reverse regression allows us to treat negative returns differently from positive returns. Our regression equation is
We compute EARN t as earnings before extraordinary items, discontinued items and special items (i.e.,"core" earnings) in year t deflated by the beginning of year market value of equity.
RET t is the 15-month stock return ending three months after the end of fiscal year t. NEG t is a dummy variable equal to 1 if RET t is negative, and 0 otherwise. We estimate this model for the most recent ten-year period for each sample firm-year, provided data from at least eight of the ten years is available.
We use the R 2 from the regression in equation (1) to measure the association between earnings and stock returns. 11 As our model suggests, after controlling for the variances of earnings and returns, we expect this proxy to capture the signal in accounting earnings. Thus, 11 Note that R 2 from this regression can vary from zero to one. The case where R 2 = 0 corresponds to the case where γ = 0, and which implies that current earnings are of no value in assessing managerial performance.
The case where R 2 = 1 corresponds to the case where current earnings reflect only current value creation (that is, γ = 1) and the only factor affecting market returns is current managerial value creation (that is, no noise).
If R 2 = 1, then earnings and returns are completely equivalent as measures of managerial performance. For the our first hypothesis is that in a cross-sectional regression of CEO turnover on firm performance variables and variances, the magnitude of the coefficient on earnings should be an increasing function of ER RSQ, our measure of the R 2 from equation (1). 12 Further, we expect the magnitude of the coefficient on market returns should be a decreasing function of ER RSQ.
In addition to our proxy for signal, we create proxies for the noise in our performance measures. As noted earlier, the variance of a performance measure is a fairly straightforward measure of its noise. Our model provides support for this notion and demonstrates that the weight on earnings in an incentive contract is decreasing in the variance of earnings. Further, controlling for the variance of earnings, the weight on returns is decreasing in the variance of returns. Note that our variance measures are playing two key roles in the analysis. First, as discussed here, these measures allow us to test hypotheses relating to how the noise in a measure affects its use. Second, we argued above that it is important to hold the variances of accounting-and market-based measures fixed when using the association between earnings and changes in market value as a measure of timeliness. Including variance measures into our empirical analysis helps us achieve both aims.
As our measure of the variance of earnings (EarnVar), we compute the variance of industryadjusted core earnings. 13 We use earnings information for the most recent ten-year period for each sample firm-year, provided data from at least five of the ten years is available. Industry adjustments are computed using Compustat firms as a comparison group, defining industry based on two-digit SIC industry codes. In cases where there are fewer than five firms in a twodigit industry, we use one-digit industry adjustments. We measure return variance (RetVar) similarly, computing the variance of industry-adjusted monthly stock returns and using CRSP firms in the same two-digit SIC code as our comparison group. We include both variance measures in our analysis and hypothesize the following: in a cross-sectional regression of CEO turnover on firm performance variables, the magnitude of the coefficient on each performance more realistic case of 0 < R 2 < 1, the degree of association between earnings and returns will be determined by both γ and the variance terms.
12 We conduct a Fisher transformation of the R 2 from equation (1) in computing our proxy, ER RSQ, to obtain a more normally distributed variable for use in our estimations. The Fisher transformation z is computed as follows: z = .5 log( 1−x .5 ), where x is the R 2 from equation (1). The transformation does not qualitatively change the reported results. 13 We discuss in section 4 the use of industry-adjusted performance information in the context of assessing CEO turnover activity.
measure will be decreasing in the variance of that measure. In addition, for comparability with prior work, we conduct tests using a relative noise variable similar to that in Lambert and Larcker (1987) . It is straightforward to show that our model's results are consistent with Banker and Datar (1989) and Lambert and Larcker (1987) , with the ratio of weights in the incentive contract proportional to the signal-to-noise ratios. We define VarRatio to be the ratio of EarnVar to RetVar. As in Lambert and Larcker (1987) , we expect higher values of this ratio to be associated with greater noise in accounting earnings relative to stock returns. We hypothesize that the magnitude of the coefficient on earnings should be a decreasing function of
VarRatio. Further, the magnitude of the coefficient on market returns should be an increasing function of VarRatio.
Sample selection
As in Murphy and Zimmerman (1993) , we identify our sample of CEO turnovers using the Forbes annual compensation surveys. These surveys list identities, ages, and compensation amounts for CEOs of 800 large US firms. Our survey data cover the time period from 1975 to 2000. We begin by examining the Forbes data to find cases where either the CEO is listed as being in year zero or year one of his CEO tenure, or the CEO listed in the sample has changed from one year to the next. After identifying an initial list of CEO turnovers, we use
Lexis-Nexis and Dow Jones News Retrieval to search for articles or press releases that will allow us to determine the reason for each turnover. We restrict attention to sample firms for which we had no missing years during which the CEO changed. (For example, the firm is excluded if we had CEO information for 1975 -1978 and 1984 , and the CEO changed between 1978 and 1984 For firms where Forbes was missing three or fewer intermediate years and the CEO changed, we collected missing CEO data from firm's proxy statements.
We identify 1,813 turnovers over the 1975-2000 period. Inability to match the firms to CRSP or Compustat identifiers reduces the sample to 1,806 turnovers. Missing age data reduces the sample to 1,801, and missing annual earnings or returns data reduces the sample to 1,596.
Finally, the time series requirements for calculating the relative noise and timeliness metrics reduce our sample of turnovers to 1,330. These data requirements induce the usual survivorship bias. Table 1 lists the reasons for the turnovers in our sample. We attempt to classify the turnovers according to whether the articles suggest the CEO was forced to leave his position. We Source: Lexis-Nexis and Dow Jones News Retrieval categorize turnovers classified as "fired," "poor performance," "pursue other interests," "policy difference," "control change," "legal or scandal," and "no reason" as forced, and remaining reasons as non-forced. We double-checked this categorization by reading articles describing all turnovers, and verifying that "forced" or "non-forced" is the most reasonable characterization of the CEO's departure. The most common reason provided for the turnovers in our sample is "retirement" (including "early retirement"), followed by "assume another position within the firm" (generally chairman of the board or of the executive committee).
Ideally, our sample would consist of involuntary turnovers. However, as in previous research, we note that it is not always possible to determine from press articles whether a turnover was forced. Prior studies (e.g., Warner et al. (1988) or Defond and Park (1999) ) discuss the unreliable nature of press accounts of turnover and suggest that involuntary turnovers are often presented as retirements. Accordingly, we include all turnovers in our sample, except those arising from the death of the CEO. 14 We address the potential issue of involuntary turnovers misclassified as retirement by including as controls two age-based variables -CEO Age and a dummy for whether the CEO is at retirement age. Following earlier work, we define retirement age to be between 64 and 66 years of age, and note that our results are robust to alternative definitions. Given the difficulty of isolating involuntary turnovers, we use two measures of turnover in our tests: TURN, which equals one for all firm-years where there is CEO turnover and zero otherwise, and FORCED, which equals one for all firm-years where there is a CEO turnover that we classify as forced and zero otherwise. Our tests use a sample that includes 1,293 turnovers, 171 (approximately 13.2% of the sample) of which have been identified as forced. This fraction of forced is somewhat smaller than that identified by Warner et al. (1988) , who use a sample of 279 management changes, 56 of which (20%) they identify as forced.
The firm-years in the Forbes data where no turnovers occur comprise the remainder of our sample. As with the turnover sample, we drop any firm for which there are gaps in the firm's appearance in the data and the CEO changes during that gap. After satisfying the requirements for age and the noise and timeliness data, we are left with 13,553 firm-years in which there was no CEO turnover. For all sample firms, we use CRSP and Compustat to obtain returns and accounting data, respectively.
Model and Analysis
In this section, we examine how the determinants of CEO turnover vary with earnings timeliness and performance measure noise. We begin by estimating our most basic specification, allowing the probability of turnover in year t to depend on year t − 1 stock and accounting performance, CEO age, a dummy variable for whether the CEO is at retirement age and year dummy variables. We use two-digit industry-adjusted stock returns, Return −1 , as our stock 14 Weisbach (1988) drops instances of CEO death from his analysis. Weisbach also excludes CEO turnover arising from control changes, arguing that such turnovers are verifiably not retirements. We include control changes in our sample, as it is plausible that many takeovers and mergers are related to CEO and firm performance issues and are thus part of an external monitoring mechanism. All results relating to the association between turnover probabilities and performance measures are qualitatively similar if these observations are dropped. Industry adjustments are calculated in the same manner as the industry adjustments described in section 2.
We apply industry adjustments here because we expect boards to be able to filter out industry trends in making CEO retention decisions. Note that while the empirical support for relative performance evaluation in CEO compensation is weak (see, for example, Janakiraman, Lambert and Larcker (1992)), there is evidence suggesting relative performance evaluation is more prevalent in retention decisions (see Barro and Barro (1990) and Blackwell, Brickley and Weisbach (1994) ). This distinction between compensation and retention decisions may stem from the extent to which explicit contracts are used in these arenas. Compensation contracts often explicitly incorporate firm-level performance measures into compensation formulas (see Murphy (2000b) ), and any application of industry-level adjustments to explicit contracts would require an ex ante agreement over an appropriate comparison group. These additional contracting costs may lead firms to elect not to use relative measures of performance in compensation.
Conversely, explicit contracts rarely spell out specific performance criteria for continued CEO employment, and it would be relatively straightforward for boards making such decisions to adjust for overall industry trends in a subjective, ex post manner. 16
Although our analyses assume that the use of industry-adjusted performance measures is appropriate for a model of turnover decisions, whether adjusted information is actually used is an empirical question. We conduct estimations that separately include both unadjusted (i.e., firm-specific) and industry performance measures. As Barro and Barro (1990) observe, if pure relative performance evaluation is conducted by firms, we would expect the coefficients on firm 15 We also re-estimated our models using earnings before extraordinary items and discontinued items and net income as measures of accounting performance. Results with these alternative earnings measures are qualitatively similar to those reported in sections 4.1 and 4.2.
16 Note that this reasoning suggests that Sloan's (1993) argument for why earnings factor into compensation decisions -namely, to shield executives from market risk contained in stock prices but not in earnings -would not apply to retention decisions. Sloan's argument requires that boards elect to contract on raw returns rather than market-or industry-adjusted returns.
and industry performance to be of similar magnitude, but opposite in sign. The results of our estimations are qualitatively similar to those in Barro and Barro (1990) in that the coefficients on firm and industry market return performance are both significant and of opposite sign, while only the firm accounting performance is significant. These results suggest that perhaps pure relative performance evaluation is not used by firms with respect to accounting information.
As a specification check, we conduct all of our analyses using industry-adjusted market return information and firm-specific (unadjusted) earnings measures. Results of our hypothesis tests using this alternative specification are qualitatively similar to those presented in sections 4.1 and 4.2. higher than that in the control sample, although this relation does not hold for the TURN sample. We also observe significantly (p-value<0.0001) higher levels of each variance measure in 17 We note that CRSP-industry-adjusted returns are fairly high in our sample. These results are likely due to the sample selection induced by the Forbes list. As Murphy and Zimmerman (1993) note, firms tend to enter the Forbes list when growth rates are high. We repeat our analysis using the sample of Forbes firms as our industry comparison group. This adjustment leads to lower industry-adjusted returns, and the results of our hypothesis tests are qualitatively unchanged. We present results of basic logit regressions of turnover decisions on performance measures and age controls in Columns 1 and 4 of Table 3 using the TURN and FORCED dependent variables, respectively. Parameters presented in Table 3 are the partial derivatives with respect to the independent variable of the probability of departure, evaluated at the medians of the variables. In Column 1, the regression with TURN as dependent variable shows that both accounting-and market-based performance measures are significantly associated with the probability of turnover. When industry-adjusted returns are ten percentage points lower, the likelihood of CEO departure increases by 0.31 percentage points. This estimate is significantly different from zero at better than the 1% level. Similarly, when the industry-adjusted earnings change scaled by assets is ten percentage points lower, the likelihood of turnover is higher by 0.71 percentage points. The coefficient on industry-adjusted earnings is significant at the 5% level (one-sided test). The economic significance of these results is comparable to those in prior studies of the performance/CEO turnover relation (Weisbach (1988) and Warner et al. (1988) , among others). Older CEOs are also more likely to turn over, with each additional year of age increasing departure probability by 0.4 percentage points. CEOs are also 7.9 percentage points more likely to depart when at the standard retirement ages of 64-66. As in prior research, the age variables appear to be the most important factors in predicting turnover when the sample includes both forced and non-forced turnovers.
When FORCED is used as a dependent variable (Column 4), industry-adjusted accounting and stock returns are significant predictors of departure, with significance levels below the 5% and 1% levels, respectively, in one-sided tests. In contrast to the results in the TURN estimation, the Age variable is now significantly negative. Whereas older CEOs were more likely to depart in the regression of Column 1, we find that older CEOs are less likely to be forced out. This may be due in part to classification, as news accounts of departure of older CEOs may be more likely to indicate retirement even when the CEO is, in fact, asked to leave by the board. The negative relation between Age and forced turnover probability is also consistent with a learning story in which the board's prior about CEO ability is more precise for older CEOs, implying lesser sensitivity of departure probability to new information for older executives.
Impact of Signal and Noise on CEO Turnover
Having established that both accounting-and market-based information appears to be associated with CEO turnover decisions, we now examine variation in this association. In the remaining columns of Table 3 , we incorporate our proxies for the strength of the earnings signal and for earnings and return noise. We include each proxy directly in our regression as an explanatory variable, and also interact the proxies with our earnings and return measures.
While the noise proxies also serve as an important control in the model, our primary interest is in the interaction of our proxies and the performance measures. With respect to our signal proxy, earnings timeliness (ER RSQ), we expect that when the strength of earnings as a signal increases, any increase in industry-adjusted earnings should result in a larger reduction in the likelihood of turnover. Likewise, as the strength of the earnings signal decreases, any increase in industry-adjusted returns should result in a larger reduction in the likelihood of turnover.
We therefore expect a negative coefficient on the interaction of earnings and ER RSQ and a positive coefficient on the interaction of returns and ER RSQ.
We also expect that when the variance of each performance measure increases, an increase in the performance measure will result in a smaller reduction in the likelihood of turnover.
Thus, we expect positive coefficients on both the interaction of earnings with EarnVar and the interaction of returns with RetVar. In addition, we conduct estimations that replace the individual variances of the performance measures with a relative variance measure, VarRatio, and expect that the magnitude of the coefficient on earnings (returns) should be a decreasing (increasing) function of VarRatio. We therefore predict a positive (negative) coefficient on the interaction of earnings (returns) with VarRatio.
We begin by estimating our logit model using our earnings timeliness proxy (ER RSQ) and the individual performance measure variance proxies (EarnVar and RetVar) for both the TURN and FORCED dependent variables (Columns 2 and 5). We then consider the relative noise variable (VarRatio) in place of the individual variance measures (Columns 3 and 6).
The results in Columns 2 and 5 support the hypotheses that earnings timeliness and earnings variance measures affect the weights on earnings information in turnover decisions. The coefficients on EBIT −1 * ER RSQ are negative and significant at below the 5% and 1% lev- In contrast with the earnings results, support for the impact of earnings timeliness and return variance on the market return/turnover probability link is restricted to the FORCED model. We find a marginally significant (at the 10% level) coefficient on Return −1 * ER RSQ in the FORCED model, but not in the TURN model. Likewise, the coefficient on interaction of Return −1 with RetVar is significant (at the 5% level) only in the FORCED model.
We note that the coefficients on the direct effects of ER RSQ and EarnVar are not significant in either the TURN or FORCED models, suggesting that CEOs of firms with higher earnings 19 The partial derivative of turnover probability is calculated from the logit coefficients in the following way.
Given the formula for the logit regression, P = exp(a+bX) 1+exp (a+bX) , where P is the predicted probability of turnover, the derivative of this probability with respect to X can be calculated as timeliness and earnings variance are not markedly more or less likely to turn over compared to CEOs of firms with lower earnings timeliness and lower earnings variance. As discussed earlier, ER RSQ might be expected to be higher for bad news firms. In this case, we would expect to find that higher ER RSQ means a higher likelihood of turnover, but this effect is not present. In contrast, the coefficient on the direct effect of RetVar is positive and significant in both the TURN and FORCED models. This result is consistent with prior work (for example, see Defond and Park (1999) ) and suggests a greater likelihood of CEO turnover for firms with larger stock return variance. Recall that our model offers no predictions about the direct effects of the variance of earnings and returns; rather, these measures serve as controls that allow us to interpret the interaction terms.
We next conduct similar estimations to those above substituting a relative noise variable We conduct a variety of sensitivity analyses, which we omit from the tables for brevity.
First, we explore alternative measures of earnings to construct our signal and noise proxies.
Specifically, we replace core earnings with EBIT (earnings before interest, tax and minority interest) and core earnings before taxes when computing the variance terms and the earnings timeliness metrics. We first observe that the signal and noise proxies used in our main analyses are highly correlated (p-values < .0001) with the corresponding proxies computed using the two alternative earnings definitions. Further, results of the logit estimations using the proxies computed with EBIT are similar to those shown in Table 3 , with the following minor exceptions:
the coefficient on EBIT −1 * VarRatio loses significance in the Column 3 regression, while the coefficient on Return −1 * VarRatio gains significance in the Column 6 regression. Similar findings are also obtained when core earnings before taxes is used in our proxies, although these regressions provide somewhat stronger support for the return hypothesis with respect to earnings timeliness, as compared to the results in Table 3 .
We also conduct sensitivity analyses relating to how we empirically specify our model in section 2. First, we consider an alternative proxy for earnings timeliness in place of ER RSQ. We observe that, like ER RSQ, the correlation between the two performance measures is an increasing function of the timeliness parameter γ in our model, holding performance measure variances constant. We re-estimate our logit regressions using the univariate correlation between market returns and earnings as the earnings timeliness proxy. Results with the alternative earnings timeliness proxy are qualitatively similar to those reported in Table 3 . Second, following the model, we allow performance measures variances to enter the estimation nonlinearly. As we discuss in section 2 and in the appendix, controls for the variances of earnings and market returns are important in allowing us to empirically evaluate the role of earnings timeliness on the turnover/performance relation. The model suggests that the variance terms enter the relation between performance measure correlation and γ in a nonlinear fashion. We consider this in our estimation by including two alternative variance proxies for each performance measurethe square and square root of variance of earnings and returns are included in our estimations.
Results for the timeliness proxy when the nonlinear variances are included are similar to those reported in Table 3 .
In summary, the results in Table 3 are consistent with our hypothesis that earnings properties affect the weight on accounting information in firms' CEO turnover decisions. Using proxies for signal and noise in performance measures and two different definitions of turnover, we find that the weight on accounting-based performance measures in CEO turnover decisions appears to vary systematically with the signal and noise properties of accounting information.
When we focus on the sample of turnovers identified as forced, we also find the weight placed on market returns in turnover decisions is decreasing in earnings timeliness and in the variance of returns.
Earnings Properties and Industry Concentration
In this section we revisit Defond and Park's (1999) analysis of the link between industry concentration and the use of industry-adjusted accounting information in CEO turnover decisions. Defond and Park (1999) argue that firms in less concentrated industries have a larger set of comparison firms. 20 Consequently, industry earnings provide a more precise signal of factors affecting firms in that industry, meaning that industry-adjusted earnings are a better signal of managerial performance at individual firms. Defond and Park's (1999) main hypothesis is that industry concentration can explain cross-sectional variation in the use of industry-adjusted earnings in CEO turnover. Using a sample of 2,730 firm-years between 1988 and 1992, they find support for this assertion.
Given that our analysis also studies cross-sectional variation in the use of accounting information in turnover, we are interested in examining which effect is driving the two sets of findings. That is, it may be that industry concentration is the key determinant of use of accounting information, and our variance and timeliness measures are somehow proxying for concentration (or vice versa). Alternatively, the two effects may be separately identifiable in the data.
To address these issues, we extend our specification from Table 3 to incorporate Defond and Park's (1999) measure of industry concentration. 21 In Table 4 , we include all variables from Table 3 (including Age and Age 64,66 , which are omitted from the table for brevity) and add both a dummy variable for industry concentration (which we call ConcDum) and the interaction of the dummy with both EBIT −1 and Return −1 . We measure industry concentration in the same 20 Defond and Park (1999) refer to less concentrated industries as being more "competitive." However, the link between concentration and competition is complicated by the issue of market definition. Consider, for example, the comparison between an industry consisting of a large number of regional monopolies (such as SIC 49 -electric, gas and sanitary services) and an industry consisting of a small number of national competitors (such as SIC 45 -transportation by air). The industry with regional monopolies will feature a lower concentration than that with national competitors if concentration is measured at the national level. If, on the other hand, concentration is measured at the regional level, the regional monopoly industry will appear more concentrated.
21 Our reconsideration of Defond and Park (1999) result is subject to an important caveat. Our analysis features a broader sample period and somewhat different explanatory variables (e.g., we do not consider analyst earnings forecast errors, and they do not interact concentration with industry-adjusted stock returns), and thus should not be interpreted as a replication of their findings. In untabulated results, we included analyst forecast errors, both directly and interacted with concentration, in our regressions. Our primary conclusions were unchanged in this specification.
manner as Defond and Park (1999) , by calculating (for each firm-year) the Herfindahl Index for that firm's two-digit SIC industry. This index is computed as the sum of the squares of the market shares of the firms in the industry, where market share is defined as firm sales divided by total industry sales. We then define a dummy variable (ConcDum) to be equal to one if the industry concentration is higher than the sample median. 22 Including this dummy variable directly in our regression allows the overall likelihood of CEO turnover to vary across more and less concentrated industries. The interaction terms allow the sensitivity of turnover probability to earnings and returns to vary across the concentration groups as well. As in Defond and Park (1999) , we also include measures of industry market-to-book ratios (IndMB) and the variance of stock return (RetVar) as control variables for the firm's investment opportunity set and stock return volatility, respectively. 23 We compute an annual measure of industry market-to-book ratios using two-digit SIC codes to define industry.
We find some evidence that CEO turnover is more common in less concentrated industries, implying average tenures are shorter in these industries. This finding is consistent with the Defond and Park (1999) hypothesis that boards learn more quickly about abilities of CEOs in these industries, and thus can remove poor CEOs sooner. Note, however, that this result (i.e., ConcDum < 0) holds only in our broader TURN sample. We also find some support for Defond and Park's (1999) hypothesis that the use of industry-adjusted earnings measures varies with industry concentration. As with our earlier tests, our sample of forced turnovers provide the strongest support for this hypothesis. When FORCED is the dependent variable (Columns 4 through 6 of Table 4), we find that the coefficients on EBIT −1 * ConcDum are significant and positive as predicted (at the 10% or better level), suggesting that turnover probabilities increase faster with reductions in industry-adjusted earnings in less concentrated industries. In the TURN sample (Columns 1 through 3 of Table 4 ), the coefficients on EBIT −1 * ConcDum are not statistically significant.
In contrast, our estimates do not suggest that use of industry-adjusted stock returns varies with industry concentration. While Defond and Park (1999) do not consider how use of this measure might vary with concentration, their arguments linking concentration with relative 22 Defond and Park (1999) use a dummy variable for "competitiveness" rather than "concentration;" as a result, our dummy is the inverse of theirs.
23 We use RetVar as our measure of stock return volatility for consistency across our tests. For comparability with Defond and Park (1999) , we also ran the tests using industry standard deviation of returns in place of RetVar. Our inferences were qualitatively unchanged in this specification. otherwise. IndMB=industry market-to-book ratio. All other variables are as defined in Table 2 . Parameters are estimates of the marginal effect on the probability of departure of an increase in the independent variable. For dummy variables, parameter is the estimated increase in probability of departure when dummy increases from zero to one. performance evaluation would seem to apply equally as well to industry-adjusted stock returns as to industry-adjusted earnings. One might expect, therefore, to find positive coefficients on the interaction between industry-adjusted stock returns and the concentration dummy. Our point estimates, however, are not significant.
The results in Table 4 do not change the conclusions we drew from Table 3 above. We again find support for the assertion that earnings properties affect the strength of the earnings/turnover link. The coefficients on EBIT −1 * ER RSQ are comparable in magnitude to those obtained in Table 3 , and attain significance at better than the 5% and 10% levels when the dependent variables are FORCED and TURN, respectively. Likewise, the coefficients on EBIT −1 interacted with the absolute and relative earnings variance terms remain significantly positive.
As in Table 3 , when FORCED is the dependent variable, the coefficient on Return −1 interacted with VarRet remains significantly positive, and we continue to find some evidence consistent with a negative relation between earnings timeliness and the weight on market returns. Finally, we note that coefficients and significance levels for the two Age variables (untabulated) are comparable to those presented in Table 3 .
The evidence contained in Table 4 
Conclusion
Our objective in this paper is to examine how the weights on accounting-and market-based performance measures in CEO turnover decisions are related to their properties as measures of managerial performance. Multiple-performance-measure agency theory suggests that factors associated with the signal-to-noise ratio of performance measures should influence their weights in evaluating and rewarding manager performance. We present such a model in the appendix, and use it to develop conditions under which a higher association between earnings and returns implies a greater weight on earnings in managerial incentive arrangements.
While this association has been used in much prior work on properties of earnings as a managerial performance measure, there appears to be no consensus in the existing literature as to how this association should be related to the weight on earnings. Some authors (e.g., Bushman et al. (1996) ) use the correlation as a measure of the strength of signal contained in accounting information, while others (e.g., Lambert and Larcker (1987) and Ittner et al. (1997)) propose the opposite relation, arguing that earnings that are not informative about firm value can still provide valuable information for evaluating the CEO. Our model incorporates both viewpoints and offers conditions under which each holds. We show that reductions in the earnings/return association make earnings less useful as a performance measure if the reduced association is driven by a decrease in the fraction of current value creation that appears in current earnings. The converse is true if the reduction is driven by increased variation in returns that is unrelated to current value creation.
We apply this reasoning in our empirical analysis. We capture the earnings/return association with a measure of earnings timeliness derived from prior research by Ball et al. (2000) and Bushman et al. (2003) . We proxy for noise using measures of earnings and return variance.
We hypothesize that directors will place greater reliance on earnings numbers when earnings timeliness is high or when earnings are less noisy. Similarly, we predict that directors will rely more heavily on information in stock returns when earnings timeliness is low or when stock returns are less variable.
We test these hypotheses using data on CEO turnover derived from the Forbes executive compensation surveys and find support for many of our hypotheses. Using our proxies for signal and noise, we find support for the hypothesis that these properties impact the relation between earnings and turnover probabilities. Our results suggest that the weight on earnings information is increasing in timeliness and decreasing in earnings variance.
We find mixed support for the hypothesis that firms rely more heavily on market-based measures when accounting information is less timely or market returns are less variable. Using the sample of turnovers we identified as forced, we find the weight placed on market returns in turnover decisions is decreasing in timeliness and decreasing in the variance of returns. These findings do not hold in our broader sample of all CEO turnovers. We also document the robustness of our results to the inclusion of industry concentration measures. We relate our analysis to Defond and Park's (1999) argument that the use of industry-adjusted performance information in turnover decisions is positively impacted by lower levels of industry concentration.
Appendix
We consider a multiple-performance measure principal-agent model like that proposed and studied by Holmstrom and Milgrom (1987, 1991) . This linear-contracts agency model is clearly not tailored to the case where incentives are provided by threat of termination, since terminationbased incentives are inherently non-linear. As such, we develop this model simply to illustrate the intuition underlying our turnover-related hypotheses.
In period t of our model, a risk-neutral firm contracts with a risk-averse manager to take actions that increase firm value. Within this period, the following events occur. First, the firm and manager agree on a contract. This contract can depend on the firm's earnings in period t and on the change in the firm's market value during period t. Market value is assumed to be the discounted sum of present and future earnings. Given the contract, the manager selects an effort level e t . Earnings and change in market value for the period are then revealed. Earnings in period t depend on both the current manager's effort level and the effort level selected by the firm's period t − 1 manager. The change in the firm's market value during period t depends on both the effort level selected by the manager and on random changes in expectations regarding future earnings. The manager is then paid according to the terms of the contract. The process is then repeated in period t + 1. 24
The key assumption in the model is that current managerial effort translates noisily into value creation, but only a fraction γ (which we refer to as the firm's "timeliness parameter") of current value creation appears in current earnings, with the remainder appearing in the next period's earnings. We use our model to study how the weights on current earnings and change in market value in the optimal contract vary as earnings become more timely. Our main result is that, holding the variances of earnings and market returns constant, increases in timeliness imply greater use of earnings and lesser use of market returns in the optimal contract.
The intuition for this result is as follows: Both earnings and change in market value have drawbacks as measures of managerial performance. Current earnings reflect only part of current value creation. 25 Changes in market value, on the other hand, reflect all of current value 24 For simplicity, we ignore the possibility that the firm could compensate the manager based on both current and future earnings. Also, we assume the effects of managerial remuneration on market value are small.
25 This assumption is motivated by characteristics of GAAP such as conservatism that may limit earnings' ability to reflect value, and has been widely documented in the accounting literature (see, for example, Beaver, Lambert and Ryan (1987) and Kothari and Sloan (1992) ).
creation, but also reflect changes in expectations about future value creation that are orthogonal to the current manager's actions. Increases in earnings timeliness mitigate the key drawback of earnings as a performance measure without changing the properties of market return. Hence, the optimal contract makes greater use of current earnings and lesser use of changes in market value when timeliness is higher.
Formally, let the manager have a constant coefficient of absolute risk aversion ρ. The manager's total value creation v m in period t depends on his effort e t plus noise:
We assume the manager's effort costs are quadratic, and the random factors affecting managerial value creation are i.i.d. across time (so that σ 2 t = σ 2 t+1 = σ 2 ). 26 Let ∆V t represent the change in the value of the firm during period t. The manager's action (e t ) is anticipated by the market (whereê t denotes the expected action), so the expected change in market value (conditional on the manager taking the equilibrium effort level) is zero. Assume that the variance of the random factors affecting future earnings is σ 2 a , and that σ 2 t and σ 2 a are independent. We therefore have
We operationalize the notion that earnings may reflect value creation with a lag by assuming that fraction γ of the manager's value creation appears in this period's earnings; the remaining 1−γ appears in next period's earnings. 27 Similarly, γ of the variance associated with managerial value creation appears in this period's earnings, with the remainder appearing next period. We refer to γ as the "timeliness parameter." Under these assumptions, the firm's period t earnings can be written as
26 Note that while our model here focuses on incentives, an analogous model (with similar results) can be constructed for the case where CEO turnover reflects matching considerations rather than incentives. Consider a normal learning model where a firm updates its beliefs regarding CEO ability in response to accountingand market-based signals of performance. Let the firm (as in Hermalin and Weisbach (1998) ) fire the manager if its belief as to the manager's ability falls below some cutoff. In such models, it is the signal and noise of the performance signals that determines their weight in the firm's posterior belief regarding CEO ability. As accounting information becomes more timely, it will have a greater effect on CEO retention decisions. 27 The assumption that the "rest" of the value (that is, the 1 − γ) shows up in next period's earnings can be generalized. The important feature is that only part of the value appears today.
Given CARA utility and normal disturbances, a linear wage contract is optimal. Let the manager's wage contract be Wage = α + β e EARN t + β v ∆V t .
This implies the manager's period t wage is distributed as:
Wage ∼ N (α + β e [γe t + (1 − γ)e t−1 ] + β v (e t −ê t ), (β subject to e t = (γβ e + β v )/c.
We substitute e t and derive the following two first-order conditions: (1 − γ 2 )σ 2 (σ 2 (1 − γ 2 )(1 + ρcσ 2 ) + σ 2 a (γ 2 + ρcσ 2 )) β * e = γσ 2 a (σ 2 (1 − γ 2 )(1 + ρcσ 2 ) + σ 2 a (γ 2 + ρcσ 2 )) From these expressions, we can prove four propositions.
Proposition 1
The optimal weight on change in market value in the manager's wage contract, β * v , decreases with the timeliness parameter, γ.
Proof: Differentiate with respect to γ.
Proposition 2 If γ 2 < ρcσ 2 , then the optimal weight on earnings in the manager's wage contract, β * e , increases with the timeliness parameter, γ.
Proof: Differentiate with respect to γ: dβ e dγ = σ 2 a (σ 2 (1 + γ 2 )(1 + ρcσ 2 ) + σ 2 a (ρcσ 2 − γ 2 )) (σ 2 (1 − γ 2 )(1 + ρcσ 2 ) + σ 2 a (γ 2 + ρcσ 2 )) 2 .
Note that if γ 2 < ρcσ 2 , then both numerator and denominator are positive. Note also that γ 2 < ρcσ 2 is a sufficient, but not necessary, condition. If γ 2 > ρcσ 2 , then β * e is still increasing in γ if σ 2 a < σ 2 (1 + γ 2 )(1 + ρcσ 2 ) (γ 2 − ρcσ 2 ) .
We discuss the intuition for the condition in Proposition 2 below.
Proposition 3 β * e is decreasing in σ 2 .
Proof: Differentiate with respect to σ 2 .
Proposition 4 β * v is decreasing in σ 2 a .
Proof: Differentiate with respect to σ 2 a .
Translating these propositions into testable hypotheses is straightforward. Proposition 3
indicates that the weight on earnings in the incentive contract is decreasing in the variance of earnings. Proposition 4 indicates that the weight on returns is decreasing in the variance of the non-managerial-effort component of returns. Thus, holding constant the variance of earnings, the weight on returns is decreasing in the variance of returns.
With respect to the signal measure, Proposition 1 shows that the weight on returns is decreasing in γ, while Proposition 2 indicates that, for reasonable parameter values, the weight on earnings is increasing in γ. To link our model to our empirical specification, we note that our ideal experiment would be to compare two firms with identical σ 2 and σ 2 a , but different γ. Since we do not observe γ, we look for other measures that capture the relation between earnings and returns. Holding σ 2 and σ 2 a fixed, the correlation between earnings and change in market value is increasing in γ. Hence, we structure our empirical model to ask whether, holding the variances of earnings and market returns constant, two firms where these measures are differently related place different weights on the two measures.
Finally, while we hypothesize that the weight on earnings in the optimal contract is increasing in timeliness, our model does offer some conditions under which β * e is decreasing in γ. Here, we discuss the intuition behind this result, and explain why we expect β * e to be increasing in γ in actual incentive contracts.
From the proof of our Proposition 2, it is immediate that
is a necessary condition for ∂ ∂γ β * e to be less than zero. What is the intuition for this expression? Inequality (2) is likely to hold when
• Earnings are very timely (high γ).
• The manager is not very risk averse (low ρ).
• The manager is not very effort averse (low c).
• Managerial effort translates into value with little noise (low σ 2 ).
Why, under these conditions, would the optimal weight on earnings be decreasing in γ? If ρcσ 2 is small, then earnings are a very good measure of managerial performance. The firm prefers to place a very high weight on them in the optimal contract. In the extreme case where effort translates perfectly into value (σ 2 = 0), the firm can achieve the first best by paying the manager 100% of his value creation. Because fraction γ of value creation is in current earnings, the firm can achieve the first best by paying the manager 1/γ dollars for every dollar of earnings.
Hence, the weight on earnings can be decreasing in γ if ρcσ 2 is sufficiently small.
At the level of intuition, there are two effects of increases in timeliness on the weight on earnings in the optimal contract. First, increases in timeliness make the signal in earnings about current managerial actions stronger, leading to an increase in β * e . Second, increases in timeliness mean the firm can achieve a given incentive level with a lower weight on earnings. 28 Inequality (2) shows that the first effect is stronger unless earnings are an extremely good measure of managerial performance. That is, the "signal-strength effect" dominates as long as there is enough noise to make the firm's inference problem difficult.
By way of calibrating Inequality (2) to observed compensation data, the expression ρcσ 2 appears in a number of recent studies that use linear principal/agent models to study the sensitivity of managerial wealth changes to shareholder wealth changes. Aggarwal and Samwick (1999) , for example, offer a model where the optimal share of firm equity held by a CEO is 1/(1+ρcσ 2 v ), where σ 2 v is the variance of the firm's market value. Their estimates of 1/(1+ρcσ 2 v ) are around 0.015 for the median firm, with a maximum estimate of 0.027. These estimates suggest that ρcσ 2 v is much greater than one. Even if the variance of market value is considerably
28 To see this, consider the effects of a 0.5 weight on earnings. If γ = 1, then this is equivalent to paying the manager 50% of the value he creates. If γ = 1 2
, then this is equivalent to paying the manager 25% of the value he creates. If timeliness increases but the firm wants to retain the same incentive level, then it can reduce the weight on earnings.
